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a  b  s  t  r  a  c  t
Aim:  Open  reduction  and  internal  plate ﬁxation  of the  ﬁbula  is  the gold  standard  treatment  for  ankle
fractures.  The  aim of  this  study  was  to perform  a prospective  randomized  study  to  compare  bone  union,
complications  and  functional  results  of  two  types  of internal  ﬁxation  of the  ﬁbula  (plating  and  the  Epiﬁsa®
FH  intramedullary  nail).
Materials  and  methods:  Inclusion  criteria  were:  closed  fractures,  isolated  displaced  fractures  of  the  lat-
eral  malleolus,  inter-  and  supra-tubercular  bimalleolar  fractures,  and trimalleolar  fractures.  This  study
included  71  patients  (mean  age  53  ±  19):  plate  ﬁxation  group  (n =  35) and  intramedullary  nail  ﬁxation
group  (n = 36).  In seven  cases,  intramedullary  nailing  was  technically  impossible  and  was  converted  to
plate  ﬁxation  (the  analysis  of this  sub-group  was  performed  independently).  Two  patients  died  and  two
patients  were  lost  to  follow-up.  The  ﬁnal  comparative  series  included  32 cases  of  plate  ﬁxation  and
28  cases  of  intramedullary  nail  ﬁxation.  Union,  postoperative  complications  and Kitaoka  and  Olerud-
Molander  functional  scores  were  analyzed  after  one  year  of  follow-up.
Results:  There  was  no signiﬁcant  difference  in  the  rate  of  union  (P = 0.5605)  between  the  two  types  of
ﬁxation.  There  were  signiﬁcantly  fewer  complications  (7%  versus  56%)  and  better  functional  scores  (96
versus  82  for  the  Kitaoka  score;  97  versus  83  for  the  Olerud-Molander  score)  with  intramedullary  nailing
than  with  plate  ﬁxation.
Conclusion: Intramedullary  nailing  of the  lateral  malleolus  in  non-comminuted  ankle  fractures  with-
out  syndesmotic  injury  is a reproducible  technique  with  very  few  complications  that  provides  better
functional  results  than  plate  ﬁxation.
Level  of evidence:  II (randomized  prospective  study).
© 2014  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
Ankle fractures are frequent, with an estimated 125/100000/
ear [1]. Although conservative treatment was used for many years,
nternal ﬁxation has now become the gold standard treatment for
hese fractures [1]. Management of these fractures in elderly sub-
ects is still challenging because of a fairly high risk of wound
omplications, sepsis and hardware failures [2–5]. Plate ﬁxation
s the most frequent technique used for stabilization of the ﬁbula
6] but percutaneous techniques (pins, screw ﬁxation) have also
een proposed [7–10]. The notion of intramedullary ﬁbular nailing
ith possible screw ﬁxation has not been extensively developed
11–17]. The goal of this study was to compare the results of inter-
al ﬁxation by a morphologically adapted curved intramedullary
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E-mail address: asloumyoucef@gmail.com (Y. Asloum).
http://dx.doi.org/10.1016/j.otsr.2014.03.005
877-0568/© 2014 Elsevier Masson SAS. All rights reserved.nail that screws into the distal ﬁbula (Epiﬁsa®) to results of open
reduction and plate ﬁxation in ankle fractures.
2. Materials and methods
We performed a prospective, randomized single blind multi-
surgeon (4 senior and 5 junior surgeons) study including 71
patients, hospitalized in our unit for ankle fracture between April
2011 and January 2012. Randomization was performed with a ran-
dom table of numbers (odd: nailing, even: plating).
Inclusion criteria were the following: closed fractures, isolated
displaced fractures of the lateral malleolus, inter- and supra-
tubercular bimalleolar fractures and trimalleolar fractures.Exclusion criteria were the following: open fractures, fractures
with a fracture line more than 9 cm from the tip of the ﬁbula,
associated tibial pilon fractures, associated talar fractures and
pathological fractures.
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included all closed fractures except supination-adduction fractures
(sub-tubercular).
The main goal of this study was  to compare the results of
bone union with two types of internal ﬁxation: there was noAll patients received prophylactic antibiotics before surgery. The
atient was placed in the supine position with a pillow under the
omolateral buttocks with a pneumatic tourniquet on the limb.
n associated procedure was performed in bi- or trimalleolar frac-
ures: suturing of the medial collateral ligament, ﬁxation by tension
and wiring or screw ﬁxation in fractures of the medial malleolus
nd anteroposterior screw ﬁxation in posterior malleolar fractures
epending on the size of the fragment.
Plate ﬁxation was performed by the lateral approach with
ynthes AO® reconstruction locking compression plates. Four mil-
imeters cancellous screws and 3.5 mm cortical screws could be
sed with these plates.
Nail ﬁxation was obtained with Epiﬁsa® intramedullary nails FH
rthopedics (Fig. 1). This nail is available in 4 lengths (70, 90, 110
nd 130 mm)  with one diameter (5 mm).  The 9 mm head has a self-
apping thread at the distal end which screws into cancellous bone,
ocking the bone in place.
The patient was immobilized for 6 weeks in a plastic boot cast
ith a window. Weight bearing was progressive over a 1-month
eriod. Rehabilitation was begun when the cast was removed.
The preoperative evaluation included: gender, age, cause of
rauma and side and type of fracture. The main judgment crite-
ion was bone union 1 year after surgery, evaluated by X-ray (a CT
can was performed to conﬁrm nonunion). Secondary judgment
riteria included the development of postoperative complications
nd functional results (according to the Kitaoka [18] and Olerud-
olander scores [19]).
The results of quantitative variables were presented as means
nd standard deviations, maximums and medians. Qualitative
ariables were expressed as frequencies and percentages. The
istribution of quantitative variables was compared by the non-
arametric Mann and Whitney test for unpaired series. Qualitative
ariables were compared using the Chi2 test or the Fischer exact
est depending upon the theoretical number of participants, and
he number of classes in the variables being considered. P < 0.05
as considered to be signiﬁcant. SAS 9.2 (SAS Institute, Cary, USA)
oftware was used.Fig. 2. (a: AP; b: lateral) Postoperative X-ray of intramedullary nail ﬁxation.
3. Results
Seventy-one patients were included in the study: 34 women and
37 men, mean age 53 years old ± 19 (18–90). Thirty-ﬁve patients
were randomized into the “plate ﬁxation” group and 36 into
the “intramedullary nail ﬁxation” group. However, intramedullary
nailing was impossible in 7 patients (10%) for technical reasons
(severely fragmented fracture, diameter of the proximal ﬁbula too
narrow and persistent tibioﬁbular diastasis) and was converted
to plate ﬁxation (Table 1). The 7 converted cases were analyzed
independently. At one-year of follow-up two patients were lost to
follow-up and two had died. Thus results were based on the analysis
of plate ﬁxation in 32 fractures and nailing in 28 fractures (Fig. 2).
There was no signiﬁcant difference between the two groups
for the type of fracture (P = 0.0941), age (P = 0.7922), gender
(P = 0.2260), the cause of trauma (P = 0.2501) or the operated side
(P = 0.3624).
Bone union was obtained in 94% of the cases in the “plate ﬁxa-
tion” group and 100% of the cases in the “intramedullary nailing”
group (Table 2): the difference was  not signiﬁcant (P = 0.5605).
There were signiﬁcantly fewer (P = 0.0014) postoperative compli-
cations in the “intramedullary nailing group” than in the “plate
ﬁxation group” (7% versus 45% respectively) (Table 3). Functional
scores were signiﬁcantly better in the “intramedullary nailing” than
in the “plate ﬁxation” group (Tables 4 and 5).
The conversion sub-group (7 cases) included younger men only
(mean 45.6 years ± 24). There was  no signiﬁcant different in the rate
of union between this group and the “plate ﬁxation group”. There
were no postoperative complications. The functional scores were
94 (± 4) for the Kitaoka score and 93 (± 4) for the Olerud-Molander
score.
4. Discussion
While epidemiologically, numerous other studies of ankle frac-
tures have identiﬁed a majority of older women [20,21], our study
included an equivalent number of men and women, mean age
53 years old. Like most other studies in the literature [22,23], we
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Table  1
Epidemiologic data.
Epidemiological data Total Plate osteosynthesis Nail osteosynthesis
Age (years)
n 71 42 (35 ± 7 conversions) 29
Mean  53.30 52.24 54.83
Standard deviation 19.38 20.47 17.92
Median 56.00 54.50 59.00
Min/Max 18/90 18/90 22/81
Gender
n  71 42 (35 ± 7 conversions) 29
Men  37 (52.11%) 21 (50.00%) 16 (55.17%)
Women  34 (47.89%) 21 (50.00%) 13 (44.83%)
Circumstances
n  71 42 (35 ± 7 conversions) 29
Domestic acc. 39 (54.93%) 24 (57.14%) 15 (51.72%)
Acc.  at work 6 (8.45%) 1 (2.38%) 5 (17.24%)
Sport  injury 18 (25.35%) 12 (28.57%) 6 (20.69%)
Road  trafﬁc acc. 8 (11.27%) 5 (11.91%) 3 (10.35%)
Side
n  71 42 (35 ± 7 conversions) 29
Right  39 (54.93%) 20 (47.62%) 19 (65.52%)
Left  32 (47.07%) 22 (52.38%) 10 (34.48%)
Fractures
n  71 42 (35 ± 7 conversions) 29
Lateral malleolar 18 (25.35%) 6 (14.29%) 12(41.38%)
Bimalleolar 36 (50.71%) 24 (57.14%) 12 (41.38%)
Trimalleolar 17 (23.94%) 12 (28.57%) 5 (17.24%)
Acc.: accident.
Table 2
Consolidation scope according to the type of osteosynthesis.
Consolidation Total Plate osteosynthesis Nail osteosynthesis P
n 60 32 28 0.5605
Acquired 58 (95.67%) 30 (93.75%) 28 (100.00%)
No  Acquired 2 (3.33%) 2 (6.25%) 0 (0.00%)
Table 3
Complications according to the type of osteosynthesis.
Complications Total Plate osteosynthesis Nail osteosythesis P
n 60 32 28 0.0014
No  40 (66.67%) 14 (43.75%) 26 (92.86%)
Skin  necrosis 9 (15.00%) 9 (28.13%) 0 (0.00%)












SSec.  displacement 2 (3.33%) 2 (6.2
Algodystrophy 7 (11.67%) 5 (15
ec.: second.
ifference in the rate of union between ﬁbular nailing and plate
xation. There were two cases of lateral malleolar nonunion
3%), which is comparable to rates reported in the literature
1.5–2.2%) [24,25]. However, the rates of nonunion or malunion
eem to be higher in older patients (as high as 73% and 48%)
20,26].
able 4
esults by functional Kitaoka score depending on the type of osteosynthesis.
Kitaoka score Total Plate osteosy
n 60 32 
Mean  88.62 82.09 
Stand. deviation 17.06 21.06 
Median 94.00 90.00 
Min/Max 20/100 20/100 
Excellent 30 (50.00%) 8 (25.00%) 
Good  23 (38.33%) 17 (53.13%) 
Fair  3 (5.00%) 3 (9.38%) 
Poor  4 (6.67%) 4 (12.50%) 
tand.: standard.0 (0.00%)
2 (7.14%)
In our series, plate ﬁxation resulted in union in 94%, postopera-
tive complications in 56% and good functional scores. These results
are comparable to those in the literature [27]. Several authors
have reported a higher incidence of complications in older women
associated with osteoporosis and precarious cutaneous conditions
[20,28–31]. Lateral or posterolateral plating has also been discussed
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Table  5
Results by Olerud-Molander functional Score depending on the type of osteosynthesis.
Olerud-Molander score Total Plate osteosynthesis Nail osteosynthesis P
n 60 32 28 < 0.0001
Mean  89.50 82.66 97.32
Stand. deviation 19.52 15.24 3.72
Median 95.00 85.00 100.00
Min/Max 40/100 40/100 90/100
Excellent 40 (66.67%) 12 (37.50%) 28 (100.00%)





















































sFair  2 (3.33%) 2 (6
Poor 4 (6.67%) 4 (1
32]. Biomechanical studies have shown that posterolateral ﬁxation
f the ﬁbula was  as stable as lateral ﬁxation [33,34]. Winkler et al.
35] evaluated posterolateral plating in Weber type B fractures and
btained excellent results in 66.7%; poor results were more fre-
uent in elderly patients (10%). They concluded that the larger the
ncision, the greater the risk of nerve damage. The posterolateral
osition also increased the risk of peroneal tendon injury [36]. In
he study by Brown et al. [37], 31% of the 126 patients had lateral
nkle pain overlying the fracture hardware and 50% of the patients
till reported pain after removal of the hardware. Biomechanical
tudies have shown the theoretical advantages of locking plate ﬁx-
tion in osteoporotic bone [38–40]. In the past few years, this type
f plate has been increasingly used but no clinical beneﬁt has been
onﬁrmed. A recent study showed a signiﬁcant increase in the rate
f wound complications with locking plates compared to conven-
ional plates (17.5% vs. 5.5% respectively), which is explained by
he larger size of the former type of plate [27]. Generally, although
ound complications have decreased with the development of
ini-invasive techniques, this has not been conﬁrmed for inter-
al ﬁxation of lateral malleolar fractures. A recent study compared
onventional open reduction and plating to the percutaneous tech-
ique and did not show any difference between the two [41].
In our series, ﬁbular nailing resulted in union in 100%, postop-
rative complications in 7% and excellent functional scores. There
re very few studies on intramedullary ﬁbular nailing. The main
riticism of this system is that it is not rigid enough [42]. However,
he notion of an interlocking nailing system cannot be compared
o simple percutaneous nailing systems. The series evaluating the
atter [8–10] report the beneﬁts of the percutaneous approach, but
unctional results vary. The idea of nailing was ﬁrst introduced in
999–2000 with the ANK® nail. Kara et al. [11] and Kabukcuoglu
t al. [12] used this nailing system for lateral malleolar fractures
ssociated with syndesmotic injury, and they reported good results
nd no complications. The Biomet SST® nail has been evaluated by
everal authors [13–16]. These studies reported satisfactory func-
ional scores based on the Olerud-Molander score in 88% [13], union
n 97% of cases and very few complications (8%: infection, hardware
ailure) [14]. In a retrospective study of 24 cases (elderly patients)
ajeev et al. [16] reported union in a mean 8.7 weeks, no compli-
ations and a mean Olerud-Molander score of 57. Bakar et al. [15]
ompared both types of ﬁxation (SST®Biomet–plates) in a series of
5 patients who were older than 50. At two years of follow-up this
tudy showed that operating time was shorter with intramedullary
ail ﬁxation, but did not ﬁnd any difference between the groups for
unctional scores (Maryland) or quality of life (EQ-5D et SF-36).
Franc¸ ois et al. [17] reported results with the Epiﬁsa® nail in 45
ateral malleolar fractures. They obtained union in 100%, no com-
lications and excellent or very good results in 82% according to
he Kitaoka score. Seven cases of intramedullary nailing were con-
erted to plate ﬁxation in our study: 2 for a diameter of the proximal
bula that was too narrow, 2 for a comminuted fracture of the ﬁbula
hat was too severe (Fig. 3) and 3 for persistent tibioﬁbular diasta-
is. The Epiﬁsa® nail used in our study was 5 mm in diameter andFig. 3. a (preoperative): ﬁbular comminution that was  too excessive; b: (postop-
erative) conversion to plate ﬁxation.
the maximum length was  130 mm,  making it impossible to use a
syndesmotic screw. The Acumed® nail is based on an interesting
technical innovation allowing syndesmotic screws with two diam-
eters (3 and 3.6 mm)  and three lengths (110, 145 and 180 mm). In a
series of 21 cases after a mean postoperative follow-up of six years,
Bugler et al. [43] reported one case of superﬁcial infection with
this system, no cases of nonunion, and very good functional results
(SF-12, Olerud-Molander and AAOS scores).
5. Conclusion
This prospective, randomized study compared the results of
intramedullary nailing of the ﬁbula to plate ﬁxation in ankle frac-
tures.
Although there was no difference in the rate of union, there was
a fairly high rate of complications with plate ﬁxation compared to
intramedullary nailing.
Intramedullary nailing is a percutaneous mini-invasive tech-
nique that provides stable ﬁxation and reduces the risk of wound
complications. The main limitation is in the treatment of commin-
uted fractures.
Nevertheless, further randomized comparative studies should
be performed to show the non-inferiority or the equivalence of this
technique in a larger number of patients to clearly validate this
surgical indication.
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